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Materials and Methods

Chemicals and Materials.
O 6 -methyl-2'-deoxyguanosine (O 6 -methyl-dG) analyte standard was purchased from Berry & Associates (Dexter, MI, USA). N7-methylguanine (N7-methyl-G) analyte standard was purchased from Sigma-Aldrich (St. Louis, MO). Ambion TURBO TM DNase and Applied Biosystems Proteinase K (50 U/mg) were purchased from Life Sciences (Grand Island, NY). Phosphodiesterase I (0.74 U/bottle), alkaline phosphatase (10,000 U/bottle), RNase A (70 U/mg) and 2,2,6,6-tetramethyl-piperidinoxyl (TEMPO) were purchased from Sigma-Aldrich. Fisher Optima formic acid, acetic acid, acetonitrile and methanol were purchased from Fisher Scientific (Pittsburgh, PA). Nanosep 3K Omega centrifuge filters were from Pall Life Sciences (Ann Arbor, MI). Deionized water was generated on site using a filtration system from Pure Water Solutions (Hillsborough, NC). 3 ]-iodomethane (50 mg) was added in one portion and the mixture was stirred until no dG remained as determined by thin layer chromatography. The reaction mixture was diluted with chloroform and the precipitation was collected and washed with ethanol and ether. The resulting intermediate was hydrolyzed with dilute HCl. After hydrolysis the reaction mixture was basified with ammonia, and the precipitation was collected and washed with water, ethanol and ether successively to afford the final product.
1 H NMR of the product matched that previously reported. 2 [D 3 ]-MNU was synthesized using a previously reported procedure.
3
Cell culture and exposure. The human lymphoblastoid cell line, AHH-1, was cultured in RPMI 1640 cell culture medium containing 10% FBS (heat inactivated), 100 mg/mL penicillin, and 100 mg/mL streptomycin. The cells were maintained in a humidified 5% CO 2 atmosphere at 37 o C.
AHH-1 cells (50 million) at 0.5 x 10 5 /mL were exposed to [D 3 ]-MNU for 1h. [D 3 ]-MNU stock and dilutions were prepared fresh in phosphate buffer (pH 4.6) for each exposure. Following completion of the exposure, the media was removed, cells were washed and frozen at −80°C prior to DNA extraction. DNA isolation. DNA was isolated from harvested cells using the Gentra Puregene DNA extraction kit (Qiagen, Valencia, CA) with minor modifications. To minimize formation of oxidative artifacts during isolation 2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO) was added to all solutions at a final concentration of 20 mM, and all procedures were performed on ice. Cells were lysed in lysis buffer containing TEMPO followed by protein precipitation solution. After protein precipitation, the DNA/RNA mixture was precipitated by isopropanol. The DNA/RNA pellet was then re-suspended in lysis buffer and incubated with RNase A at 37 ºC for 30 min, followed by protein and DNA precipitation. The DNA pellet was stored at -80 ºC until analysis.
Adduct Isolation and Instrumental Analysis:
Neutral thermal hydrolysis and enzymatic hydrolysis of DNA. The N7-methyl-G adducts were removed from the DNA backbone via neutral thermal hydrolysis. A 100 µg aliquot of DNA was spiked with 100 fmol N7-methyl-G IS for accurate quantitation, diluted with water for a total volume of 300 µL, then subjected to neutral thermal hydrolysis at 95 o C for 45 min. Samples were filtered through Nanosep 3K molecular weight cutoff filters for 1 h at 5000g to retain the DNA backbone for further processing. The hydrolysates containing N7-methyl-G were transferred to polypropylene autosampler vials and dried by centrifugal evaporation. The samples were reconstituted in 20 µL HPLC grade water for quantitation of N7-methyl-G by LC-MS/MS. The retained DNA was subjected to enzymatic hydrolysis on the filter to release O 6 -methyl-dG after mixing with water and TURBO TM DNase buffer. For accurate quantitation, 5 fmol or 0.5 fmol of O 6 -methyl-dG IS were added as internal standard depending on [D 3 ]-MNU dose levels being analyzed. The hydrolysis was initiated by addition of 20 U TURBO TM DNase and incubation at 37
°C for 30 min, followed by addition of 3.4 mU phosphodiesterase I and 2.5 U alkaline phosphatase with continued incubation at 37 °C overnight. The final volume of sample containing all reagents and internal standard was 300 µl. After hydrolysis the filters were centrifuged for 1 h at 5000g, and the filtrate was transferred to polypropylene autosampler vials.
Enrichment of O 6 -methyl-dG by HPLC. Purification of O 6 -methyl-dG from matrix was performed on a Waters Sunfire C18 4.6 × 150 mm 5 µm column (Waters, Waltham, MA) using a solvent gradient consisting of 10 mM ammonium acetate in water and acetonitrile. Acetonitrile content started at 5%, increased linearly to 20% over 8 min, increased linearly to 60% over 1 min, held at 60% for 1 min, decreased linearly to 5% in one min, and held at 5% for 3 min to re-equilibrate the column. The following parameters were set on the Agilent 1200 HPLC system (Agilent, Santa Clara, CA): flow rate of 1 ml/min, UV detection at 264 nm, column oven at 30 °C, and autosampler tray and fraction collector chamber both set to 4°C. A 275 µL aliquot of the filtered DNA hydrolysis solution was injected. The retention time of O 6 -methyl-dG was determined and a 1 to 2 min fraction of mobile phase eluate containing O 6 -methyl-dG was collected automatically. Fractions were evaporated, transferred to autosampler vials, and reconstituted in 10 to 20µl HPLC grade water containing 0.1% formic acid for subsequent analysis by LC-MS/MS. The 2'-deoxyguanosine (dG) amount in each sample was determined by comparison with calibration standards.
Quantitation of O 6 -methyl-dG by nano-LC-MS/MS.
Quantitation of O 6 -methyl-dG utilized an eksigent nanoLC ultra coupled to an AB Sciex triple-quadrupole mass analyzer (AB SCIEX, Framingham, MA) using a nanospray source in positive mode. The mobile phase consisted of 0.1% formic acid in water and 0.1% formic acid in acetonitrile. Chromatography was performed on an eksigent 3C18-CL-120, 3 µm 0.075 mm x 150 mm column at a flow rate of 300 nL/min. The acetonitrile composition started at 5%, held at 5% for 10 min, increased linearly to 35% in 12 min, increased to 60% in 1 min, held at 60% for 5 min, decreased to 5% in 1 min, then held at 5% for 10 min for column re-equilibration. A 1 µL volume of reconstituted sample was injected. The following mass transitions were monitored: 282 → 166 m/z for endogenous O 6 -methyl-dG, 285 → 169 m/z for exogenous O 6 -methyl-dG and 291 → 175 m/z for O 6 -methyl-dG IS ( Figure S1 ). Mass spectrometer conditions were as follows: spray voltage of 2400 V, interface heater temperature of 120 ˚C, ion source gas 1 of 5, collision gas of 20, declustering potential of 25, entrance potential of 10, collision energy of 10, collision cell exit potential of 11, and nitrogen collision gas of 6. The limit of detection was 5 amol per injection corresponding to 1 adduct per 10 9 dG. Linear calibration curves (R 2 > 0.99) using the AS to IS ratio were used to quantify the amount of O 6 -methyl-dG in the samples ( Figure S2 ). Negative and positive controls of 100 µg calf thymus DNA were included with each set of analyses. Average amounts recovered for 0.5 fmol and 5 fmol positive controls were 0.4 ± 0.1 fmol (N=5) and 4.1 ± 0.5 fmol (N=6), respectively.
Quantitation of N7-methyl-G by UPLC-MS/MS.
The quantitative analysis of N7-methyl-G was performed with an UPLC (Waters, Milford, MA) coupled to a TSQ-Quantum Ultra triple-quadrupole mass analyzer (ThermoFinnigan, San Jose, CA) using heat assisted electrospray ionization (HESI) in positive mode. N7-methyl-G was separated on a 2.1 × 100 mm HSS T3 C18, 1.8 µm column (Waters, Milford MA) with gradient elution at a flow rate of 200 µL per min using 0.05% acetic acid and 0.02% formic acid in water and methanol. The gradient started at 1% methanol, increased linearly to 5% methanol in 1 min, held at 5% for 3 min, increased linearly to 60% in 1 min, held at 60% for 2 min, decreased to 1% in 1 min, and held at 1% for 2 min for column re-equilibration. The following mass transitions were monitored: 166 → 149 m/z for endogenous N7-methyl-G, 169 → 152 m/z for exogenous [D 3 ] N7-methyl-G and 175 → 157 m/z for N7-methyl-G IS ( Figure S3 ). Mass spectrometer parameters were as follows: spray voltage of 3000 V, vaporizer temperature of 300 ˚C, sheath gas flow rate 35, auxillary gas flow rate 30, capillary temperature of 325 ˚C, argon collision gas pressure of 1.5 mTorr and collision energy of 20 eV. The limit of detection was 5 fmol per injection corresponding to 0.1 adduct per 10 6 dG. Linear calibration curves (R 2 > 0.99) using the AS to IS ratio were used to quantify the amount of N7-methyl-G in the samples ( Figure  S4 ). Negative and positive controls of 100 µg calf thymus DNA were included with each set of analyses. Average amounts recovered for 20 fmol and 200 fmol positive controls were 19 ± 5 fmol (N=7) and 219 ± 29 fmol (N=5), respectively after subtracting endogenous amounts found for negative controls. Average amount of endogenous N7-methyl-G found was 51 ± 17 fmol (N=15), or 0.8 ± 0.1 N7-methyl-G/10 6 Guanine in negative controls.
Statistical Analysis
Statistical comparison between the sum of "exogenous and endogenous" adducts and the endogenous mean for both adducts was conducted using a Student's t-test (GraphPad Prism) to determine doses when the amount of total adducts become significantly higher than the identical average endogenous adducts. . Calibration curve for N7-methyl-G. The plot shows the peak area ratio of N7-methyl-G to internal standard versus increasing fmol of N7-methyl-G. Data points correspond to standard mixtures that give 10, 25, 50, and 500 fmol N7-methyl-G and 50 fmol N7-methyl-G IS per injection.
